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In an extension of previous work, we studied the behavioral corre- 
lates of medial frontal lobe glucose hypometabolism in chronically 
alcohol-dependent patients. Thirty-one male patients who were de- 
toxified, medically stable, and free of other central nervous system 
risk factors for neuropsychological impairment were examined with 
(1) anatomic imaging (CT or MR), (2) functional imaging with [‘OF] 
fluorodeoxyglucose (“F-FDG) and positron emission tomography 
(PET), and (3) a battery of neuropsychological tests, including two 
measures of abstraction known to be generally sensitive to frontal 
lobe disease or dysfunction [the Wisconsin Card Sorting Test 
(WCST) and the Halstead Category Test (HCT)]. ‘OF-FDG PET data 
from 18 age- and sex-matched normal control subjects were used 
for comparison. All patients met criteria for severe alcohol depend- 
ence and for at least a mild degree of alcoholic-induced cognitive 
impairment. Although the mean IQ level of the alcoholic patients was 
in the average range, the concepts attained and the error scores on 
the WCST and HCT were significantly impaired in comparison with 
established norms. Local cerebral metabolic rate for glucose 
(LCMRglc) was significantly decreased in a sagittal strip of the 
medial frontal cortex in the alcoholic patients as compared with the 
normal controls. Comparison of data from PET scans and anatomic 
images indicated that the reduced LCMRglc could not be attributed 
to reduced amounts of tissue alone. A statistically significant rela- 
tionship was found between LCMRglc in the medial frontal region of 
the cerebral cortex and performance on the WCST, but not the HCT. 
These findings suggest that chronic alcohol intake results in impaired 
function of cerebral tissue in the medial frontal region. The impair- 
ment pertains both to tissue metabolic rates and the behavioral 
correlates of these rates. 
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HRONIC CONSUMPTION OF alcoholic beverages C in association with malnutrition may result in per- 
sisting neuropsychological deficits that often include in- 
tellectual, memory, higher reasoning, and attentional 
skills.’-3 Among the deficits of higher reasoning are im- 
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pairments in conceptual skills and difficulty with “ab- 
stract” thinl~ing.~ The regions of the central nervous sys- 
tem responsible for these deficits in living subjects have 
not been precisely determined. Studies correlating struc- 
tural brain degeneration on computed tomography (CT) 
brain scan with neuropsychological impairment have pro- 
duced inconsistent results.’ Better visualization of abnor- 
mal tissue structures may be possible with magnetic reso- 
nance (MR) imaging.6 However, reliable clinical correla- 
tion between structural imaging techniques and validated 
neuropsychological tests has not yet been achieved in the 
individual case. 
In two previous st~dies,’,~ examination of chronically 
alcohol-dependent patients with [ 18F]fluorodeoxyglucose 
(I8F-FDG) and positron emission tomography (PET) re- 
vealed bilateral hypometabolism in the rostra1 medial 
frontal region of the cerebral cortex when compared with 
age-matched control subjects. This finding suggested that 
chronic intake of alcohol, perhaps in association with 
episodic malnutrition, specifically impairs the function of 
this region of the central nervous system. We now report 
the results of our studies of chronically alcohol-dependent 
patients using 18F-FDG PET and neuropsychological tests 
designed to examine the function of this part of the 
cerebral cortex. We used anatomic imaging with MR or 
CT scans for correlations of anatomic changes with be- 
havioral and PET data. The anatomic imaging was also 
used to assess and correct statistically for the degree of 
local cerebral atrophy in the analysis of the PET data. 
We also explored some of the clinical features of alco- 
holism (age, years of heavy drinking, and peak drinking 
consumption) that might be related to the medial frontal 
hypometabolism. We correlated these factors with the 
results of selected neuropsychological tests, structural im- 




Thirty-one male veteran patients were recruited for this study from 
the Alcohol Treatment Unit of the Ann Arbor Veteran’s Affairs Medical 
Center. Twenty-seven were right-handed and four were left-handed by 
behavioral test and preference (see Table I ) .  
All patients studied would be characterized as severe and chronic 
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Table 1. Characteristics of the 31 Male Chronically Alcohol-Dependent Patients 
in This Study 
Mean SD 
Age in years (range 42-78 years) 51.1 8.9 
Years of heavy drinking 21.7 7.9 
Average no. of drinks’ daily during 14.3 5.4 
Maximum no. of drinks daily during 24.3 9.3 
Education in years 12.8 2.5 
heavy drinking 
heaw drinkino 
n = 31. 
* A drink is defined as 4 oz of 80 proof alcohol or its equivalent. 
cases of alcoholism by any widely used nosology (e.g., Diagnostic and 
Statistical Manual (DSM) or International Classification of Diseases 
(ICD), etc). Each of the patients exceeded a weekly intake of at least 560 
g of ethanol over two of the preceding 3 years. In all cases, the patients 
substantially exceeded this intake for a number of years prior to their 
entry into the study. The patients averaged at least one previous hospi- 
talization for alcoholism, and 25 of 3 1 patients had achieved sobriety for 
only 1 month or more from the time they began drinking constantly, 
but had relapsed. These data characterize the patients as being “heavy” 
drinkers in both duration and intensity of alcohol intake.’ 
All patients received psychiatric examinations and all met formal 
diagnostic criteria for Alcohol Dependence; and all fit criteria for at least 
a mild degree of Dementia Associated with Alcoholism as defined in 
DSM-111-R.” Nine patients had evidence of alcoholic cerebellar degen- 
eration as determined by history, neurological examination, anatomical 
imaging study, and positron emission tomography.8 All patients were 
examined by a neurologist (S.G.), who obtained a history and conducted 
a physical and neurological examination. 
The patients were selected to exclude those with any history of primary 
polydrug abuse, as reflected in the following quantitative criteria to define 
abuse as set by the National Institute on Drug Abuse in its National 
Collaborative Study of Polydrug Abuse”: (1) no recreational injection of 
any drug at any time in their lives; (2) no more than six uses of marijuana 
in the year preceding entry to the study; (3) no more than 20 total 
occasions of hallucinogen use (including PCP); (4) no more than 5 
noninjectable uses of heroin/opium in the preceding year; ( 5 )  no more 
than 100 pills, tablets, or capsules of synthetic narcotics in the preceding 
year; (6) no more than 15 nonpharmaceutical uses of amphetamines or 
cocaine ever in their lives; (7) no more than YO uses of pharmaceutical 
amphetamines or methylphenidate in their lives; (8) no more than 30 
(nonprescription) uses of minor tranquilizers (e.g., diazepam and chlor- 
diazepoxide) in the year preceding testing; (9) no more than 60 uses of 
sedative-hypnotics in the year prior to the study; and (10) no other use 
of exotic chemical comforts (e.g., amyl nitrate) in context. All patients 
met the criteria for non-polydrug status. 
Patients with neurological disorders of any kind, apart from alcohol- 
related, were excluded at recruitment. Other exclusion criteria included 
closed head injury with loss of consciousness, stroke, and other risk 
factors, such as birth complications, learning disorder, or other acquired 
or developmental disease, disorder or trauma. ’* 
The patients were studied while in the hospital within in an alcohol 
treatment unit after a mean abstinence of 34 days and no less than 14 
days. Most had a clinical history of malnutrition at some time in their 
drinking careers, but had been provided with standard nutritional intake 
and multiple vitamin therapy on admission to hospital. A dietitian 
reviewed each patient’s nutrition, and all patients studied were consum- 
ing a normal diet for at least 3 weeks prior to their scans. Blood and 
urine examinations performed within seven days of the PET scan showed 
no evidence of ketosis or abnormal glucose levels. During the period of 
study, the patients were taking no medications other than disulfram 
known to affect central nervous system function. 
Eighteen normal control male subjects were selected for comparison 
of 18F-FDG PET data. These subjects were nonpatient volunteers re- 
cruited and screened for inclusion as controls in various studies ongoing 
at the University of Michigan PET Center. They were comparable in 
terms of age (average age: 55 years, SD 9.1 years; range 43 to 81 years). 
None had self-reported drinking problems, previous diagnosis of alco- 
holism, or treatment for alcohol dependency. 
Neuropsychological Testing 
Neuropsycholoacal examinations were performed on each patient. 
The examinations took place in a quiet, dedicated laboratory near the 
patient’s hospital unit. Testing was accomplished only when subjects 
were completely willing to cooperate. 
Tests were administered by experienced examiners who were naive as 
to the specific hypotheses of the research project. Each subject completed 
a protocol consisting of the Wechsler Adult Intelligence Scale-Revised 
and a modified and extended Halstead-Reitan Neuropsychological Test 
Battery.* Of particular focus in this investigation were two test of abstrac- 
tion and problem-solving, the Wisconsin Card Sorting Test (WCST)” 
and the Halstead Category Test (HCT),I4 because these measures have 
been most closely associated with frontal lobe disorders.15 
PET Scans 
PET scans were performed with two scanners. The initial 14 subjects 
were studied with a TCC PCT 4600A tomograph,” and the remaining 
scans were accomplished with a Siemens 931-08/12 whole-body, multi- 
slice PET tomograph. The technical details of the TCC tomograph have 
been described previously.” The Siemens tomograph operates with bis- 
muth germanate detectors arranged in an eight crystal by four crystal 
matrix over four photomultiplier tubes. The individual crystal dimen- 
sions are 5.6 mm wide x 12.9 mm high x 30 mm deep. Four crystal/ 
tube arrangements of blocks are grouped into a bucket, which is a subunit 
of the tomograph. Sixteen buckets make up four rings for a total of 2048 
detectors. The Scanner has eight rings or 4096 total detectors. Coinci- 
dence resolving time is 5 nsec [full width at half-maximum (FWHM)]. 
Tomographic slice data were obtained from each ring and from between 
rings to yield 15 simultaneous image slices. Scanner resolution is 5.5 mm 
FWHM within the tomographic plane at Y cm from the axis. This figure 
is degraded by approximately 15% at 20 cm from the axis. Z-axis 
resolution is 5.5 to 6.0 mm FWHM for each slide. Ray/angle information 
is bussed from each bucket to a VME 68000-based real time sorter (RTS). 
The data are buffered within the RTS to permit simultaneous acquisition 
and Direct Memory Access (DMA) transfer to the reconstruction hard- 
ware. A Digital Equipment Corporation uVAX provides system man- 
agement of the analogic AP-400 Backprojector for image reconstruction, 
the DeAnza ID-5000 for image display, and an International Imaging 
System IVAS for PET data analysis, as well as for disk storage and DMA 
input/output to the RTS. The tomograph has a dedicated uVAX for 
data acquisition. 
The procedure for synthesis and administration of ”F-FDG has been 
described previously.’ Briefly, the patients received 10 mCi of I8F-FDG 
when awake and supine in a quiet room. Blood samples were collected 
from the radial artery for estimation of the arterial radioactive input 
function to the brain. Twenty to 30 interleaved scans were initiated 30 
min postinjection, yielding a total of 30 images, each separated by 3.375 
mm. Procedures for definition of the rostral medial frontal regon have 
also been described previously.’ The locations of the cingulate and rostral 
frontal gyrus areas were defined from anatomic scans, and this infor- 
mation was used to define this area in functional scans. Anatomic fiducial 
markings were placed as described below to ensure accurate anatomic 
registration in each case. 
Anatomic Imaging (CT/MR Scans) 
CI or MR scans were performed in 26 of 31 patients (17 had MR 
scans only, 4 had CT scans only, 5 had both MR and CT scans, and 5 
had no usable imaging data). CT scans were acquired on a Picker 1200 
SX machine, and MR studies on a Picker H.P. Scanner (OST). Best 
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available CT or MR imaging studies were selected for comparison with 
the PET images. Ten o f  the M R  and PET scans were studied incorpo- 
rating anatomic fiducial markings to  allow the precise. superimposition 
of PET and neuroradiological data. CT/MR and PET studies were 
performed within an average o f  7 days o f  each other. CT/MR scans were 
evaluated by a neuroradiologist (J.A.B.) blind to other clinical results. 
Anatomic regions congruent with the regions o f  interest studied in the 
PET scans were rated for degree of atrophy using CT or MR images. 
Nineteen anatomic areas were rated for volume alteration, including the 
lateral and third ventricles, cingulate gyrus, interhemispheric fissure, 
frontal lobe structures, temporal lobe structures, parietal lobe cortex, 
occipital cortex, hippocampus, cerebellar structures, subarachnoid space, 
medulla, and pons. The atrophy in each area was rated as normal, mild, 
moderate, or severe. 
RESULTS 
The neuropsychological test results with focus on the 
tests of abstraction and problem solving are presented 
along with summary IQ data from the Wechsler Adult 
Intelligence Scale in Table 2. 
The mean IQ level of these patients is not significantly 
different from the normative average for the population. l6 
The averages indicated in Table 2 for both neuropsycho- 
logical tests (WCST and HCT) are within the impaired 
range as reflected in neuropsychological test norms and 
c~t-offs.'~*'' The WCST concepts attained by these pa- 
tients are significantly fewer than the normative average 
(mean 5.2 concepts, SD 1.5; t = 2.48, p < 0.02, df= 106). 
The Category Test mean score would be equal to a T- 
Score of 36, reflecting at least a mild degree of neuropsy- 
chological impairment.I7 The variance in the number of 
errors on the HCT is large for this mean level, reflecting 
considerable differences among subjects in their efficiency 
on this test. 
The results of the PET studies of local cerebral metabolic 
rate for glucose (LCMRglc) in the cingulate gyrus and 
rostra1 superior frontal area for patients are presented in 
Table 3. 
Student's t test comparison between subjects in this 
Table 2. Neuropsychological Test Results in the 31 Male Chronically Alcohol- 
Dependent Patients in This Study 
Mean SD 
Wechsler Adult Intelligence Scale- 96.5 11.5 
WCST concepts attained 4.3 1.8 
HCT Errors 73.5 26.3 
Revised Full Scale IQ 
Table 3. '@F-FDG PET LCMRglc Measured with "F-FDG and PET in the 
Cingulate Gyrus and Rostra1 Frontal Area for 31 Male Chronically Alcohol- 
Dependent Patients, and 18 Age- and Sex-Matched Controls 
Patients (n = Controls (n = 
M- 
31) 18) 
Mean SD ean SD 
Cingulate gyrus LCMRglc 5.99 1.08 6.95 1.02 
(absolute, rng/100 g/ 
min) 
(normalized to whole 
brain slice) 
Cingulate gyrus LCMRglc 0.98 0.06 1.06 1.07 
study and age-matched control subjects shows no differ- 
ence on absolute values of LCMRglc, but significantly 
reduced normalized cingulate LCMRglc in this alcoholic 
patient sample ( t  = 206; p < 0.0001; df= 47). This result 
was consistent for patients examined on either PET scan- 
ner as described previously (normalized values reflect a 
ratio of ROI LCMRglc as the numerator and whole brain 
slice LCMRglc as the denomenator). 
We computed Pearson product-moment correlations 
between: (1) two demographic measures (age and years of 
education); (2) number of years of heavy drinking and 
maximum daily drink consumption; (3) two independent 
measures of metabolism (LCMRglc) in frontal brain struc- 
ture (superior frontal gyrus and cingulate gyrus); (4) ratings 
of atrophy/abnormality in three frontal brain regions (an- 
terior frontal cortex, interhemispheric fissure, and cingu- 
late gyrus); and (5) neuropsychological test performance 
on two concept-formation tasks known to be sensitive to 
disease or trauma-related dysfunction in frontal brain 
areas. These data are presented in Table 4. 
These results indicate a statistically significant associa- 
tion between level of performance on the WCST, CT/MR 
rating of cingulate region atrophy, and PET-measured 
cingulate LCMRglc. A significant association was not 
found with the HCT as the behavioral measure. Other 
significant relationships reflect the effect of age on brain 
volume and the interrelationship of structural measures 
of brain volume in the various frontal areas. Similar 
significant results obtained when nonpar-ametric correla- 
tional techniques (e.g., Spearman rho, Kendall Tau-B) 
were applied to the data. As before, these correlation 
Table 4. Pearson Product-Moment Between Demographic, Drinking History, 
PET, and Structural Imaging (MR/CT) Measures for Alcoholic Patients 





PET Sup Fron 
PET Cingulate 























-0.117 -0.143 1.000 
-0.267 -0.122 -0.065 I .ooo 
0.059 -0.011 -0.123 0.073 
0.102 0.389 -0.408 -0.170 
-0.077 0.111 -0.321 0.073 
-0.138 0.159 -0.231 0.130 
-0.282 0.283 -0.232 0.138 
0.221 -0.096 0.038 -0.312 
MRAnt MR MR 
Fron IHF Cingulate WCST 
PET Cingulate 1.000 
MR IHF -0.582 0.835 1.000 
MR Ant Fron -0.484 1.000 
MR Cingulate  -0.432 0.698 0.747 1.000 
WCST 0.394 -0.290 -0.306 -0.401 1.000 
HCT -0.022 0.068 0.005 0.042 -0.387 
Age, chronological age of patient; ED, years of education for patient; YRSHVY, 
number of years of heavy drinking for patient; MAX, maximal daily drink consump- 
tion; PET Sup Fron, LCMRglcfor superior frontal gyrus (normalized); PET Cingulate, 
LCMRglc for cingulate cortex (normalized); MR Ant Fron, MR/CT rating of anterior 
frontal cortex; MR IHC, MR/CT rating of interhemispheric fissure; MR Cingulate, 
MR/CT rating of cingulate cortex; WCST, Wisconsin Card Sorting Test categories 
achieved; CAT, HCT Errors. Bold figures indicate correlationsp < 0.05. Underlining 
indicates correlations D < 0.01. 
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results were found with both TCC and Siemens PET 
scanners. 
Whereas the results of the correlational matrix can be 
understood by pairwise evaluation of the relationships of 
the variables, more graphic and multidimensional ways of 
understanding these results are of value. The relationship 
between age, normalized cingulate LCMRglc, and CT/ 
MR anatomic rating of atrophy is shown in Fig. 1. Re- 
duced cingulate metabolism is associated with anatomic 
evidence of atrophy as a function of increasing age. 
The relationship between decreased LCMRglc and in- 
creased cerebral atrophy in the cingulate region of the 
cerebral cortex is direct and significant ( r  = -0.43; p < 
0.0 1 ; df= 17). We examined the hypothesis that reduced 
cingulate LCMRglc would be associated with poorer per- Fig. 2. Relationship between MR ratings of cingulate atrophy, Wisconsin Card 
atrophic influence of atrophy as measured by structural 
imaging. A partial correlation matrix was used, including 
only patients studied on the Siemens PET Tomograph 
who had been examined with MR scans. The calculation 
was restricted to these cases because of the improved 
resolution of these instruments and the better potential 
for accurate registration between structural and functional 
images. This analysis revealed a significant association ( r  
= 0.54; p < 0.0 1) between concept formation performance 
on the WCST and cingulate LCMRglc when CT/MR 
rating of anatomic atrophy was held constant via statistical 
control. The same correlation was made for the HCT, but 
no significant result was found. Similar analyses con- 
ducted with other anatomic imaging variables did not 
produce significant neuropsychologic-metabolic relation- 
ships. 
The relationship between cingulate CT/MR and WCST 
score in relation to age is shown in Fig. 2. The probability 
Of poorer Concept formation performance increases jointly 
as a function of increasing age and increasing degrees of 
cingulate atrophy. 
The relationship between normalized LCMRglc, WCST 
score, and age is shown in Fig. 3. Although less clear in its 
metabolic activity is generally associated with decrements 
Fig. 3. Relationship between normalized PET cingulate LCMRglc, Wisconsin 
Card Sorting Categories obtained by patients, and age. 
in concept formation achievement with increasing age in 
the chronic alcoholic patient. 
DISCUSSION 
This study demonstrates a significant be- 
cingulate and neuropsycho~o~ca~ performance on 
one concept formation test in abstinent chronic alcoholic 
patients. Higher cerebral metabolic rates for glucose in the 
anterior cingulate gyrus are associated with better perform- 
ance on the WCST, whereas lower rates are associated 
with poorer test performance. This relationship obtains in 
a more robust fashion with more advanced PET technol- 
ogy and MRI anatomic imaging; but the relationship 
between focal cingulate brain metabolism and a neuropsy- 
chological test sensitive to this general brain locus remains 
when atrophic effects from the same regional brain tissue 
areas are held constant. 
Other studies'* have also reported a general decrease in 
glucose metabolic activity in alcoholics who are 50 years 
rostra1 frontal hypometab~lism.~.~ Thisstudy extends these 
interpretation, this graph suggests that reduced cingulate tween degree of atrophy, metabolic functioning in the 
4 
Fig. 1. Relationship between MR ratings of cingulate atrophy, normalized PET Of age Or Older, and previous studies demonstrated 
cingulate LCMAglc. and age. 
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investigations by isolating a subarea of hypometabolism 
in the cortex that can be evaluated using a neuropsycho- 
logical test of reasonable sensitivity and specificity for 
specific impairment. It is important to note that neuro- 
psychological tests that are sensitive to frontal lobe disease 
or dysfunction are parametrically complex and can be 
affected by more generalized disorders when they are 
severe. ’ 
The results of this study indicate that a focal area of the 
brain seems to be vulnerable to the effects of chronic 
alcohol intake and its attendant risks (e.g., episodic mal- 
nutrition). This vulnerability does not seem to require the 
occurrence of specific alcoholic syndromes, such as delir- 
ium tremens, Wernicke-Korsakoff syndrome, or alcoholic 
cerebellar degeneration. In the present patients sample, 12 
of the 3 1 patients showed evidence of alcoholic cerebellar 
degeneration, but none were diagnosed as having Wer- 
nicke-Korsakoff syndrome or delirium tremens on ad- 
mission to hospital. The results may be of greater gener- 
alizability, because these patients are quite typical of many 
who come to treatment attention. 
In the results presented herein, anatomic imaging and 
functional imaging studies both show the affected brain 
area, and in turn relate significantly to an objective behav- 
ioral test sensitive to dysfunction of that brain region. 
These findings offer confirmation of the widely accepted 
fact that patients with chronic alcoholism develop increas- 
ing problems with inductive logic, abstraction, and prob- 
lem-solving with advancing age and unsuccessful treat- 
ment for their disease.20.2 ] Studies attempting to identify 
a cause for the deficit solely in anatomic imaging realms 
have met with only mixed S U C C ~ S S . ~ ~ ~ ~ - ~ ~  The introduction 
of direct measures of metabolism offers greater potential 
for the integrated study of the chronic effects of alcohol 
abuse on the structure and functioning of the brain. 
This study has several limitations. The number of cases 
is limited, although of moderate size for studies using PET 
technology. The results require cross-validation and con- 
firmation. The methods for obtaining registration between 
PET and MR imaging regions of interest were careful, but 
cannot be seen as perfect. The area of hypometabolism 
studied here can be characterized as anterior cingulate in 
locus, but other parts of the medial frontal cortex may be 
affected as well. The pathogenesis of the disorder identified 
in this study is unknown, and there is no ready explanation 
why this particular area should be vulnerable, or how its 
relationship to other areas and systems in the brain relate 
in term of cause or effect. Finally, the use of two scanning 
machines did not prove to be a bamer when separate 
analysis of data from both scanners produced identical 
results, but data collected on the same apparatus would 
have been preferable. 
The emergence of the WCST as a significant correlate 
in the analysis of relationships between imaging and be- 
havioral variables is a noteworthy finding, but of equal 
interest is the failure of the Category Test to relate in the 
same way. There may be subtle differences in the responses 
of patients and characteristics of the two tests that may 
explain this discrepancy. The Category Test is generally 
held to be more difficult and rich in terms of its capture 
of “learning shifts,” and this fact may have produced the 
rather large number of errors in these patients and the 
great variability in efficiency. 
Clinicians will recognize that a subgroup of chronic 
alcoholic patients will manifest difficulties in treatment 
that are due to their lack of appreciation of the impact 
that advice and therapy should have on their lives. That 
is, patients will fail to see the importance of ideas and 
events in treatment much as they failed to recognize 
general “rules” and successful ways to cope effectively on 
the neuropsychological test in question. Unfortunately, 
the feedback in these situations may not be as immediate 
and direct as in the testing situation. Second, these results 
naturally raise the question of reversibility: Will metabolic 
and behavioral deficits respond to abstinence and more 
healthy living styles if treatment “takes hold”? The answer 
to the question is of importance for the patients’ well being 
and for treatment planning in the longer term. Third, the 
results of this study may offer a challenge to clinicians 
who may want to work directly with patients to attempt 
to enable them to identify and circumvent problems that 
may occur as a result of their impairment. Little is known 
of the effectiveness of “cognitive remediation” strategies 
for alcoholic patients. 
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